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(57) ABSTRACT

An object of the invention 1s that a user obtains high antenna
cgain with a simple construction 1n various use conditions of
a portable wireless unit. To achieve the above object, 1n the
invention, of a conductive antenna element, a part of a length
of a substantially half-wavelength 1s used as a monopole part
(1), and is disposed along the inside of a housing at the upper
end of a portable wireless unit. Of the antenna element, the
remaining part of a length of a substantially Y4 wavelength
is used for an inverted-F antenna part (2), and disposed
parallel to a ground plate surface within the housing of the
portable wireless unit. The inverted-F antenna part (2) is
disposed parallel to the upper end of the portable wireless
unit (6). One end of the inverted-F antenna part (2) is
connected to the ground plate (5) through an earthing point
(3) provided at one end. A feeding point (4) is provided
spaced from the earthing point by a predetermined distance.
With such an arrangement, there 1s no need of using an
impedance matching circuit. The construction of the por-
table wireless unit i1s simplified. High antenna gain is
secured under various use conditions.

5 Claims, 11 Drawing Sheets
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BUILT-IN ANTENNA OF PORTABLE RADIO
APPARATUS

TECHNICAL FIELD

The present mvention relates to a built-in antenna for a
portable wireless unit, which exhibits high radiation char-
acteristics even under various use conditions of the wireless
unit.

BACKGROUND ART

In the specification, the term “portable wireless unit”
mvolves a wireless information terminal, such as a music
distribution dedicated terminal not having the speech
function, 1n addition to a portable telephone set and PHS
(trade mark).

By convention, the portable wireless unit, ¢.g., portable
telephone set or PHS, uses a whip antenna of the telescopic
type or a planar mverted-F antenna for its antenna.

The antenna described 1n the specification of U.S. Pat. No.
5,204,687 may be enumerated for the whip antenna of the
telescopic type, used for the portable telephone set. The
telescopic type whip antenna 1s constructed such that an
clectrically insulated helical antenna 1s mounted on the tip of
the monopole antenna. When 1t 1s extended, it serves as a
monopole antenna, and when it 1s contracted and put within
the housing of the portable telephone set, it functions as a
helical antenna.

The planar inverted-F antenna 1s disclosed 1n Japanese
Unexamined Patent Laid-Open No. 103406/1981. In the
example described 1n this publication, the planar inverted-F
antenna 15 expanded to have a planar structure, and the
peripheral length of the planar element 1s the half
wavelength, and small. When the planar inverted-F antenna
1s disposed at an end of a ground plate of the housing of the
portable telephone set, the planar inverted-F antenna has a
relatively broad band characteristic. Further, the planar
inverted-F antenna has a structure, which presents an imped-
ance matching function. Therefore, it 1s advantageous 1n that
there 1s no need of providing an impedance matching circuit
outside the housing.

A normal portable telephone set, as shown 1n FIG. 12,
includes both of a whip antenna attached to the outside of the
portable telephone set and a planar i1nverted-F antenna
mounted 1n the housing. The signals received by those
antennae are switched from one to the other and vice versa
in a diversity manner. Exactly, the signals received by those
antennae are compared in level, and the antenna of which the
signal level 1s the higher of those signal levels 1s selected,
and a communication 1s performed.

In the portable telephone set shown 1n FIG. 12, a mono-
pole antenna 27 and a planar inverted-F antenna 30 operate
independently, and those antennae do not operate as a called
composite antenna. A radio frequency switch 33 selects the
monopole antenna 27 or the planar inverted-F antenna 30
depending on the received signal levels, as mentioned
above.

An 1mpedance matching circuit 34 matches a feeding
point impedance of the monopole antenna 27 to 50 £2. The
planar inverted-F antenna 30 1s a conductive plate of which
the peripheral length 1s set to be about the half wavelength
of the operating frequency. It 1s arranged 1n parallel with a
oground plate 26, while being spaced by 4 mm, for example.
A feeding point 32 1s provided at a point which 1s on one side
of the planar inverted-F antenna 30 and spaced from a
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carthing portion 31 by a fixed distance, ¢.g., 3 mm. A radio
frequency signal derived from the impedance matching
circuit 34 of the monopole antenna 27 or a radio frequency
signal derived from the feeding point 32 of the planar
inverted-F antenna 30 is selected by the radio frequency
switch 33. In FIG. 12, a helical antenna 28 1s connected
through an insulating portion 29 to the tip of the monopole
antenna 27.

Directivity patterns of the antennae of FIG. 12 are
depicted in FIGS. 13 and 14 by using the coordinates
illustrated aside in FIG. 12. FIG. 13 shows a directivity
pattern of the monopole antenna 27 when it 1s selected, and
FIG. 14 shows a directivity pattern of the planar inverted-F
antenna 30 when 1t 1s selected. In FIG. 13, a solid line 35
indicates a vertically polarized wave component, and a
broken line 36 indicates a horizontally polarized wave
component. In FIG. 14, a solid line 37 indicates a vertically
polarized wave component of the received radio wave, and
a broken line 38 indicates a horizontally polarized wave
component.

In the monopole antenna 27 shown 1n FIG. 13, an average
level of the wvertically polarized wave component 35 1is
higher than that of the horizontally polarized wave compo-
nent 36. The vertically polarized wave component 35 has a
pattern resembling that of the directivity of an 8-shaped half
wavelength dipole. In the planar inverted-F antenna 30
shown 1n FIG. 14, the horizontally polarized wave compo-
nent 38 1s relatively high, and the vertically polarized wave
component 37 has a butterfly-shaped pattern directivity

since the antenna current 1s distributed in the ground plate
26.

A horizontal plane pattern average gain (referred to as
PAG) is generally used for an evaluation index used for
evaluating the antenna character of the portable telephone
set. In a state that a human body equipped with a portable
telephone antenna 1s positioned at the center of a spherical
coordinate system, and the head of a human body 1s directed
in the zenithal direction (Z direction), the PAG is given by

|Formula 1]

T
T~ D

1 27
PAG = — 6
2 Jg [ (2

1 7t
¢) + 252 G5 ¢)]¢ﬂ¢

In the above equation, GO (¢) and G¢ (¢) are power
directivities of a vertically polarized wave and a horizontally
polarized wave 1n the X-Y plane.

A general cross-polarization power ratio XPR of a mobile
communication unit 1 a multiple wave environment 1s
expressed by a ratio of the vertically polarized wave com-
ponent to the horizontally polarized wave component, and 1s
4 to 9 dB, as known. This ratio 1s calculated on the
assumption that the vertically polarized wave component of
an arriving wave 1s higher than the horizontally polarized
wave component by 4 to 9 dB. Accordingly, 1n the radiation
pattern of the antenna, the vertically polarized wave com-
ponent 1s weighted by XPR. Substantially in the
specification, description of the XPR will be given by using
9 dB as a general value 1n an urban area. Thus, in the antenna
of the portable telephone set, a hich PAG 1is obtained by
increasing the vertically polarized wave component when 1t
1S 1n use.

The PAG 1s generally -7 dB when the portable telephone
set 1s 1n a speech communication state and the whip antenna
1s extended, and this value 1s a target value of the perfor-
mance of the main antenna contained.

Recently, it 1s demanded to completely build the main
antenna 1nto the portable telephone set, in place of the
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antenna being protruded outside, such as the whip antenna.
In this case, the performance comparable with that of the
external whip antenna 1s required for the built-in main
antenna, as a matter of course.

In the conventional built-in type planar inverted-F
antenna, however, 1n the speech communication state that
the user grips the portable telephone set and moves 1t close
to his ear, reduction of the radiation efficiency of the antenna
1s great since the distribution of the antenna current is
present 1n the ground plate of the portable telephone set. For

this reason, the PAG of the antenna 1s lower than that of the
whip antenna being extended, approximately -11 dB. It 1s
confirmed that when the portable telephone set 1s put close
to a metal table, the antenna gain reduces, and the value of
the PAG 1s lowered to about —16 dB.

When the portable telephone set 1s placed on the metal
table, the conventional whip antenna is frequently stored in
the housing. In this case, the helical antenna 28 shown 1n
FIG. 12 operates. The helical antenna 28 1s close to the metal
table, and 1ts axial direction is parallel to the metal disk, and
its gain 1s reduced through its electromagnetic interaction
with the metal, and the PAG 1s about -18 dB.

One of the main use conditions of the portable telephone
set 1s that the user grips the portable telephone set, and
moves 1t close to his ear, and talks with another party while
slanting it at about 60°. In the PHS telephone set, the moving
image distribution together with voice speech, and the video
telephone service have started. (Reference is made to the
magazine “Nikkei Communication” published by Nikkei
Business Publications, Inc, 1ssued Sep. 18, 2000, pp 113 to
115.)

Further, the music delivery service has started by using
the wireless information terminal having no communication
function. In using each of those devices, the user operates
the device 1n a state that 1t 1s positioned near his ear as in the
normal voice speech. In an additional case, he grips the
device and holds 1t 1n front of his chest pocket, and in this
state, he operates the device. In a further case, he puts the
device 1n his chest pocket and in this state he operates the
device.

In a case where the portable telephone set 1s put in the
chest pocket, the orientation of the telephone set 1s not fixed.
If the planar inverted-F antenna 1s mounted on one of the
sides of the portable telephone set, there 1s the possibility
that the antenna 1s directed to the human body. In this case,
the reduction of the radiation efficiency is great, and the PAG
1s about —-10 dB, and low.

Accordingly, an object of the present invention 1s to
provide an antenna built 1n the a portable wireless unit which
retains a high radiation efficiency in various use conditions,
and 1s simplified at the manufacturing stage.

DISCLOSURE OF THE INVENTION

(1) To achieve the above object, there is provided a built-in
antenna for a portable wireless unit including a conductive
antenna element disposed along the mside of a housing at an
upper end of a portable wireless unit, the conductive antenna
having a monopole part defined as a part of a length of a
substantially halt-wavelength of the conductive antenna; an
inverted-F antenna part defined as the remaining part of a
length of a substantially ¥4 wavelength of the conductive
antenna; and an antenna feeding point provided at a position
near an earthing part of the inverted-F antenna part; wherein
the inverted-F antenna part 1s disposed parallel to a ground
plate surface within the housing of the portable wireless unit
and parallel to the upper end of the portable wireless unit and
one end of the mverted-F antenna part 1s connected to the
oground plate as the earthing part.
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With such an arrangement, the antenna may be built 1n the
portable wireless unit with a simple construction which does
not requiring the 1mpedance matching circuit. The antenna
cgain when the portable wireless unit 1s 1n speech commu-
nication state or placed on a metal table, 1s 1mproved.

(2) In the built-in antenna for a portable wireless unit, the
inverted-F antenna part 1s disposed along the long side of the
portable wireless unit.

With this feature, a high antenna gain 1s improved 1n the

hand-holding operation state and speech communication
state, and 1n a state that the portable wireless unit 1s placed
on the metal table.
(3) There is another aspect of the invention, there is provided
a built-in antenna for a portable wireless including a con-
ductive antenna element disposed along the long side of the
inside of a housing, the conductive antenna element having
a monopole part defined as a part of a length of a substan-
tially half-wavelength of the conductive antenna element; an
inverted-F antenna part defined as the remaining part of a
length of a substantially Y4 wavelength of the conductive
antenna element; and an antenna feeding point provided at
a position near an earthing part; wherein one end of the
inverted-F antenna part 1s connected, to the ground plate as
an earthing part, and the inverted-F antenna part 1s disposed
parallel to the ground plate of the housing of the portable
wireless unit and along the long side of the inside of the
housing.

With this feature, a high antenna gain 1s 1mproved 1n the

in-chest-pocket state, the hand-holding operation state and
speech communication state, and 1n a state that the portable
wireless unit 1s placed on the metal table.
(4) In the built-in antenna for a portable wireless unit, the
inverted-F antenna part 1s disposed parallel to the ground
plate of the housing of the portable wireless umit, and
parallel to the upper end of the 1nside of the housing.

With this feature, a high antenna gain 1s improved 1n a
state that the portable wireless unit 1s, at will, put 1in a chest
pocket, the hand-holding operation state and speech com-
munication state, and 1n a state that the portable wireless unit
1s placed on the metal table.

(5) The built-in antenna for a portable wireless unit further
includes fixing means for fixing the antenna element to the
rear side of the housing, and contacting means for making
the earthing part and the feeding point of the antenna
clement contact with a printing pattern on a circuit board.

This feature simplifies the manufacturing process of
manufacturing the built-in antenna, leading to the produc-
fivity 1improvement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, 1C, and 1D are diagrams showing a basic
construction of a built-in antenna which 1s a first embodi-

ment of the present mnvention.

FIG. 2 1s a diagram showing a directivity of the built-in
antenna of FIGS. 1A, 1B, 1C, and 1D.

FIGS. 3A, 3B, and 3C are diagrams showing a speech
communication state of the portable wireless unit.

FIG. 4 1s a diagram showing the portable wireless unit
which 1s put on a metal table.

FIGS. 5A, 5B, 5C, and 5D are diagrams showing a basic
construction of a built-in antenna which 1s a second embodi-

ment of the present mnvention.

FIG. 6 1s a diagram showing a directivity of the built-in
antenna of FIGS. 5A, 5B, 5C, and 5D.

FIG. 7 1s a diagram showing a state that the portable
wireless unit 1s gripped.
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FIGS. 8A, 8B, 8C, and 8D 1s a diagram showing a basic
construction of a built-in antenna which 1s a third embodi-
ment of the present mnvention.

FIG. 9 1s a diagram showing a stand-by state of the
portable wireless unit which 1s put in the chest pocket.

FIGS. 10A, 10B, 10C, and 10D are diagrams showing a

basic construction of a built-in antenna which 1s a fourth
embodiment of the present invention.

FIGS. 11A, 11B, 11C, and 11D are diagrams showing a

basic construction of a built-in antenna which 1s a fifth
embodiment of the present invention.

FIG. 12 1s a diagram showing a basic construction of a
conventional portable wireless unit.

FIG. 13 1s a diagram showing a directivity of a monopole
antenna when 1t 1s selected FIG. 12.

FIG. 14 1s a diagram showing a directivity of a planar
inverted-F antenna when 1t 1s selected 1n FIG. 12.

In the figures, reference numerals 1, 14 and 17 refer to
monopole parts; 2, 10, 18 to a planar inverted-F antennae; 3,
11 and 31 to earthing parts; 4, 20, 32 and 34 to radiation
eficiency feeding points; 5, 9, 15 and 26 to ground plates;
6 to a portable wireless unit; 7, 12, 35 and 37 to vertically
polarized wave components; 8, 13, 36 and 38 to horizontally
polarized wave components; 16 to a wireless information
terminal; 19 to a feeding terminal; 21 to an earthing termi-
nal; 22 to ground; 23 to a circuit board; 24 to a housing; 25
to a pawl made of resin; 28 to a monopole antenna; 29 to an
insulating portion; 30 to a planar inverted-F antenna; and 33
to an radio frequency switch.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments will now be described with reference to the
accompanying drawings.
(First Embodiment)

FIGS. 1A to 1D are diagrams showing a construction of
a built-in antenna which 1s a first embodiment of the present
mvention, when 1t 1s viewed from various directions. FIG.
1A 1s a front view when viewed from front, FIG. 1B 1s a
bottom view when viewed from the lower side, and FIG. 1C
1s a side view when viewed from the side, and FIG. 1D 1s a
development view showing only the antenna portion. In the
figures, a monopole part 1 and a planar inverted-F antenna
2 are conductive plates which are constructed 1n an integral
form, and the width of each of them 1s about 2 mm, and those
parts are made of one and the same material. In FIG. 1D, the
hatching 1s made different for merely distinguishing the
monopole part 1 from the inverted-F antenna part. The
antenna portion 1s disposed along the 1nside of a housing at
the upper end of a portable wireless unit 6. Numerals
representing the size of the housing are put on the vertical
and horizontal sides. An operating frequency of the portable
wireless unit using the element defined by those numerals 1s
within a 1.9 GHz frequency band.

The length of the monopole part 1s selected to be about the
half-wavelength (78 mm) of the operating frequency, and
disposed along the inside of the housing at the upper part of
the portable wireless unit 6. A distance “d” between the
monopole part 1 and the ground plate 5 1s set at about 2 mm.

The length of the inverted-F antenna part 2 1s set at about
¥4 wavelength (39 mm) of the operating frequency, and
disposed parallel to the ground plate § while being spaced
from the ground plate § by a distance “b” of 4 mm. The
direction 1n which the inverted-F antenna part 2 1s disposed
1s parallel to the upper end of the housing of the portable
wireless unit 6 (Y-axis direction). The inverted-F antenna
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part 2 1s connected at an earthing part 3 provided at one end
thereof to a ground plate 3.

The antenna of the mvention, as shown 1n the develop-
ment view of FIG. 1D, 1s constructed such that at least one
side of the integrally constructed conductive plate 1s bent
downward at positions of crest folding parts 1a to 1c. The
same thing 1s true for the crest folding part 2a. A feeding
point 4 is provided at a position spaced a distance “s” (e.g.,
5 mm) from the earthing part 3 of the inverted-F antenna part

2.

With such a construction, the monopole part 1 and the
inverted-F antenna part 2 are operable as an integrally
constructed composite antenna excited at the single feeding
point 4.

Operation of the composite antenna will be described
hereunder.

First consideration will be given to operation of the
inverted-F antenna part 2 alone. The feeding point 4 of the
inverted-F antenna part 2 1s set at 50 £ for impedance
matching by adjusting the distance “s”. Thereafter, when the
monopole part 1 1s connected to one end of the inverted-F
antenna part 2, an 1mpedance variation at the feeding point
4 1s extremely small since the impedance values of both
antenna parts are both high at a connection point of them.
Actually, 1n design at the dimensions mentioned above, the
impedance of the monopole part 1 1s matched, at 50 €2, to
that of the inverted-F antenna part 2 by finely adjusting the
distance “s” within a range of 1 mm. For this reason, the
necessity 1s to additionally use no impedance matching
circuit.

The mverted-F antenna part 2 may be considered to be a
V4 wavelength matching stub which 1s connected to the pole
part 1 of the monopole antenna. And the inverted-F antenna
part 2 per se serves also as a part of radiation element.
Accordingly, a composition of the radiation characteristic of
the monopole part 1 and that of the inverted-F antenna part
2 1s presented.

The radiation characteristic of the antenna shown 1n FIG.
1 in a free space where no human body 1s present, will be
described. FIG. 2 1s a diagram showing a directivity of the
antenna of the invention shown i FIGS. 1A to 1D m a
vertical X-Z plane. A solid line 7 designates a vertically
polarized wave component and a broken line 8 designates a
horizontally polarized wave component. An average level of
the horizontally polarized wave component of the directivity
shown 1n FIG. 2 1s higher than that of the vertically polarized
wave component. In the directivity pattern, the X directions
and the Z directions are the maximum radiation directions.
The reason for this is that the wave radiation from both
clements of the monopole part 1 and the imnverted-F antenna
part 2, which are disposed in the horizontal direction (Y
direction) in FIGS. 1A to 1D, 1s dominant. From this, it is
scen that the integrally constructed composite antenna
shown 1n FIGS. 1A to 1D exhibits directivity patterns which
are different from the conventional ones of the polarized
wave components 1n the free space as shown 1n FIG. 12.

As a result, the speech communication state where the
user holds the portable wireless unit by hand and moves it
close to the ear 1s improved to have an advantageous eflect,
which 1s different from that by the conventional art. This waill
be discussed hereunder. In the speech communication state,
it 1s frequent that the portable wireless unit 1s held 1n a state
that it is slanted at about 60° with respect to the vertical
direction, as shown in FIGS. 3A to 3C. FIG. 3A 1s a view
showing the speech communication state when viewed from
front; FIG. 3B 1s a side view showing the portable wireless
unit at that time; and FIG. 3C 1s an enlarge view showing the
speech communication state when viewed from front.
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Where the monopole antenna 27 of the conventional
portable wireless unit shown 1 FIG. 12 1s used alone, the
main polarized wave shown 1n FIG. 13 1s directed 1n the
axial direction of the monopole antenna 27. Accordingly, 1n
the speech communication state as shown in FIGS. 3A to 3C,
a wave component slanted at about 60° forms the main
polarized wave. In this case, when the monopole antenna
alone 1s considered, the horizontal plane pattern average
cgain PAG 1s about -7 dBd.

In the case of the planar mverted-F antenna 30 of the
conventional portable wireless unit shown 1n FIG. 12, an
antenna current distributes 1n the ground plate 26. Therefore,
in the speech communication state as shown in FIGS. 3A to
3C, the deterioration of the radiation efficiency caused by the
oripping 1t 1s great. As a result, the horizontal plane pattern
average gain PAG 1s about -11 dB, low.

In the built-in antenna of the invention shown 1n FIGS. 1A
to 1D, the antenna current distributes 1n both elements, 1.¢.,
the monopole part 1 and the inverted-F antenna part 2, and
the current distributed in the ground plate § 1s small.
Accordingly, the deterioration of the radiation efficiency
caused by the gripping it 1s small. Further, as shown 1n FIG.
2, the main polarized wave 1s the horizontally polarized
wave component. In the speech communication state as
shown 1n FIGS. 3A to 3C, however, the vertically polarized
wave component 1s high since the portable telephone 1s
slanted at 60°. As a result, in the antenna of the mvention
shown 1n FIG. 1, the PAG 1s high, about -5 dB.

Operation of the antenna when the portable wireless unit
1s placed on the metal table 9 as shown in FIG. 4, will be
described. Generally, 1n a stand-by state, 1t 1s frequent to
place the portable wireless unit on the metal table 9, as
shown 1n FIG. 4. In this case, 1n the case of the conventional
art shown 1 FIG. 12, the whip antenna 1s frequently
contained 1n the housing of the portable wireless unit, and
the helical antenna 28 operates. In this case, the helical
antenna 28 1s close to the metal table 9 and 1ts axial direction
1s parallel to the ground plate. Generally, the antenna gain 1s
reduced by its electromagnetic interaction with the metal
table 9. The PAG at this time 1s about -17 dB, low.

When the planar inverted-F antenna 30 shown 1n FIG. 12
1s selected, the display of the portable wireless unit 1is
ogenerally located on the upper surface, and the planar
inverted-F antenna 30 1s close to the metal table 9 surface.
Also 1n this case, the antenna gain 1s reduced, and the PAG
1s about —16 dBd, low.

In the built-in antenna of the mvention shown 1n FIG. 1,
the antenna current distributes 1n both the elements of the
monopole part 1 and the inverted-F antenna part 2.
Accordingly, also 1n a case where the inverted-F antenna
part 2 side 1s placed close to the metal table 9, for example,
the antenna current also distributes 1in the monopole part 1.
The monopole part 1 1s parallel to the ground plate § within
the portable wireless unit 6, and 1s disposed at a position
relatively close to the center with respect to the thickness of
the housing of the portable wireless unit 6. Accordingly, 1t
secures some space from the surface of the metal table 9, and
the reduction of the gain 1s lessened. As a result, the PAG 1s
about —13 dBd, and higher than that of the antenna of the
conventional portable wireless unit.

One of the characteristic features of the built-in antenna of
the mvention resides in that the half-wavelength monopole
part and the inverted-F antenna part are constructed in an
integral form by using the single conductive element. With
this feature, there 1s no need of using the 1mpedance match-
ing circuit, which 1s required for the case where the half-
wavelength monopole antenna alone, and the construction of
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the portable wireless unit 1s simplified. Another character-
istic feature of the invention resides in that the half-
wavelength monopole part and the mnverted-F antenna part
are built in the portable wireless unit while being disposed
parallel to the upper end of the portable wireless unit. With
this feature, a high antenna gain 1s secured 1 a speech
communication state and 1n a state that the portable wireless
unit 1s placed on the metal table.

(Second Embodiment)

FIGS. 5A to 5D are diagrams showing a portable wireless
unit containing an antenna of the imvention, which 1s a
second embodiment of the present mnvention. FIGS. 5A to
SC are diagrams as viewed from different directions, as in
the FIGS. 1A to 1D case, and FIG. 5D 1s a development view
showing only the antenna part. In FIGS. 5A to 5D, like or
equivalent portions are designated by like reference numer-
als in FIGS. 1A to 1D.

In FIG. 5D, an inverted-F antenna part 10 and a monopole
part 1 are conductive plates which are formed 1n an integral
construction, and the width of each of them 1s about 2 mm,
and those antenna parts are made of one and the same
material. The length of the inverted-F antenna part 2 1s set
at about ¥4 wavelength (39 mm) of the operating frequency,
and disposed parallel to the ground plate 5, and 1s spaced
from the ground plate § by a distance “h” (for example 4
mm). The direction in which the inverted-F antenna part 10
1s disposed 1s parallel to the long side of the housing of the
portable wireless unit 6 (Y-axis direction). The inverted-F
antenna part 10 1s connected at an earthing part 11 provided
at one end thereof to a ground plate 5. A feeding point 4 1s
provided at a position spaced a distance “S” (e.g., 5 mm)
from the earthing part 11 of the inverted-F antenna part 10.
Crest folding parts 1a to 1c 1 FIG. 5D are bent as it 1s to
form the antenna part.

With such a construction, the monopole part 1 and the
inverted-F antenna part 10 are operable as an integrally
constructed composite antenna excited at the single feeding
point 4.

Operation of this antenna will be described hereunder.

First consideration will be given to operation of the
inverted-F antenna part 10 shown 1n FIGS. 5A to 5D. The
inverted-F antenna part 10 may be considered to be a Y4
wavelength matching stub which 1s connected to the mono-
pole part 1. And the inverted-F antenna part 2 per se serves
also as a part of radiation element. In this instance, the
inverted-F antenna part 10 1s disposed 1n the vertical direc-
tion (Z direction) in the coordinate system of FIG. 5, and for
its radiation, the vertically polarized wave component serves
as a main polarized wave. As for the radiation characteristic
of the antenna in the embodiment shown 1n FIGS. 5A to 5D,
the vertically polarized wave component 1s somewhat higher
than that in the directivity shown in FIGS. 1A to 1D (FIG.
2).

FIG. 6 1s a diagram showing a directivity of the antenna
of FIG. 5 1n the vertical X Z plane. In FIG. 6, a solid line 12
designates a vertically polarized wave component and a
broken line 13 designates a horizontally polarized wave
component. When comparing the FIG. 6 directivity with the
FIG. 2 one, the average level of the horizontally polarized
wave component 1s somewhat lower than that of the com-
paring case, but the average level of the vertically polarized
wave component 1s higher than the latter by about 3 dB. For
the directivity of the vertically polarized wave component,
the radiation is high in the +X and —X directions.

The present portable wireless unit 1s actively used for
1-mode basis information gathering and e-mail basis com-
munication. The moving 1image distribution together with
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voice speech, and the video telephone service have started.
In such an information communication, it 1s frequent that, as
shown 1n FIG. 7, the user grips the portable wireless unit and
holds it 1n front of his chest, and 1n this state, he operates 1t
(hand-holding operation state). Accordingly, the portable
wireless unit 6 1s used 1n a raised state. To increase the PAG
of 1t, 1t 1s necessary to increase the vertically polarized wave
component when the portable wireless unit 1s raised. In the
second embodiment of the invention, the inverted-F antenna
part 10 is disposed in the vertical direction (Z direction). As
a result, the average level of the vertically polarized wave
component 1s increased by about 3 dB. Further, in the
directivity shown in FIG. 6, the vertically polarized wave
component 1s radiated more intensively 1n the —X direction.
As a result, when the antenna shown 1n FIGS. 5A to 5D 1s
used 1n the hand-holding operation state shown 1n FIG. 7, the
PAG higher by about -6.0 dBd 1s obtained.

In the speech communication state shown 1n FIGS. 3A to
3C, the effects comparable with those of the first embodi-
ment are obtained, and hence the vertically polarized wave
component 1s high 1n level. However, the horizontally polar-

1zed wave component 1n the free space 1s somewhat reduced.
The PAG 1n this case 1s lower than that of the FIGS. 1A to

1D antenna by 0.5 dB, 1.e., about -5.5 dBd.

When the portable wireless unit 6 1s placed on the metal
table 9 shown 1n FIG. 4, the PAG 1s high, comparable with
that of the antenna of the first embodiment since the effects
of the 1nstant embodiment are comparable with those of the
first embodiment.

As described above, one of characteristic features of the
antenna of the mstant embodiment resides 1n that the half-
wavelength monopole part and the mmverted-F antenna part
are constructed 1n an integral form by using the single
conductive element. With this feature, there 1s no need of
using the impedance matching circuit which is required for
the case of the half-wavelength monopole alone, and the
construction of the portable wireless unit 1s simplified.

Another characteristic feature of the invention resides 1n
that the half-wavelength monopole part 1s built in the
portable wireless unit while being disposed parallel to the
upper end of the portable wireless unit, and the inverted-F
antenna part 1s built 1n while being disposed parallel to the
long side of the portable wireless unit. With this feature, a
high antenna gain 1s secured in the hand-holding operation
state and speech communication state, and 1n a state that the
portable wireless unit 1s placed on the metal table.

(Third Embodiment)

FIGS. 8A to 8D are diagrams showing a third embodiment
of the built-in antenna for the portable wireless unit accord-
ing to the invention. FIGS. 8A to 8C are diagrams when the
embodiment 1s viewed from different directions, as in the
FIGS. 1A to 1D case. FIG. 8D 1s a development view
showing only the antenna portion. In FIGS. 8A to 8D, like
or equivalent portions are designated by like reference
numerals used in FIGS. 1A to 1D. The portable wireless unit
of the embodiment 1s designed on the assumption that the
user does not use the wireless unit for speech communica-
tion 1n a state that the wireless unit 1s held close to user’s ear,
but he receives music distribution services, for example.
Accordingly, i the description of the embodiment, the
portable wireless unit will be handles as an information
wireless terminal.

A planar 1inverted-F antenna part 10 and a monopole part
14 shown 1in FIGS. 8A to 8D, are conductive plates whose
width 1s €.g., 2 mm, and are formed 1n an integral construc-
tion as shown 1n FIG. 8D. The length of the monopole part
14 is selected to be about the half wavelength (78 mm) of the
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operating frequency, and 1s disposed along the long side of
a wireless information terminal 16 and inside of the housing
the information wireless unit. The direction 1n which the
planar inverted-F antenna part 10 1s disposed 1s parallel to
the long side of the information wireless unit 16 (Z-axis
direction). A distance between the long side of a ground
plate 15 and the monopole part 14 1s set at about 2 mm. Crest
folding parts 10a and 14 1n FIG. 8D are bent as 1t 1s to form
the antenna part.

With such a construction, the monopole part 14 and the
inverted-F antenna part 10 are operable as an integrally
constructed composite antenna excited at the single feeding
point 4.

Operation of the composite antenna will be described
hereunder.

In the antennae mounted 1n the information wireless unit
16, the monopole part 14 and the planar inverted-F antenna
part 10 are both disposed in the vertical direction (Z-axis
direction). Therefore, an average level of the wvertically
polarized wave component 1s high, and the radiation in the
horizontal plane (X Y plane) direction is large.

The information wireless unit 16 1s frequently put 1n a
state that 1t 1s put 1n a user’s chest pocket, as shown in FIG.
9, or a state that 1t 1s operated gripped by a user, as shown
in FIG. 7. In a case where the mnformation wireless unit 16
1s put 1n a user’s chest pocket, the orientation of the
information wireless unit 16 1s not fixed. Accordingly, to
obtain a high PAG, 1t 1s necessary to increase the vertically
polarized wave component even 1f the information wireless
unit 16 1s directed in any direction.

If a planar inverted-F antenna 30 shown in FIG. 12 1s
mounted on one of the sides of the mmformation wireless unit
16, there 1s the possibility that the planar inverted-F antenna
30 1s directed to the human body. In this case, the reduction
of the radiation efficiency is great, and the PAG 1s about —10
dBd, and low. If a whip antenna shown i FIG. 12 1is
mounted 1n the information wireless unit 16, the whip
antenna 1s frequently stored therein, and the helical antenna
28 operates. In this case, the reduction of the radiation
eficiency 1s great, and the PAG 1s about -8 dBd, low.

In the antenna of the invention shown 1n FIGS. 8A to 8D,
the antenna current distributes in both the elements of the
monopole part 14 and the inverted-F antenna part 10.

Accordingly, also in a case where the mnverted-F antenna
part 2 side 1s located close to a human body, for example, the
antenna current also distributes in the monopole part 14.
Further, since the both elements of the monopole part 14 and
the planar inverted-F antenna part 10 are disposed in the
vertical direction (Z-axis direction), an average level of the
vertically polarized wave component 1s high. Accordingly,
the PAG 1n an 1n-chest-pocket state shown 1 FIG. 9 1s high.
Even if the face of the information wireless unit 16 1is
directed to the human body in the X or —X direction 1n the
coordinate system of FIGS. 8A to 8D, the PAG 1n-chest-
pocket state 1s about —6 dBd.

In the hand-hold operation state shown 1n FIG. 7, both the
clements of the monopole part 14 and the planar inverted-F
antenna part 10 are disposed in the vertical direction (Z-axis
direction). Accordingly, the average level of the vertically
polarized wave component 1s increased. The antenna current
1s distributed in both the monopole part 14 and the planar
inverted-F antenna part 10. Therefore, the current distributed
in the ground plate 15 1s small, and the reduction of the
radiation efficiency caused by the gripping of the wireless
unit 1s small. Accordingly, the PAG 1s high, and as a result,
it 1s about -6 dBd.

In the case where the information wireless unit 16 1s
placed on the metal table shown i FIG. 4, the effects
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comparable with the built-in antenna of the first embodiment
are obtained, and hence the high PAG comparable with those
of the first embodiment 1s obtained.

As described above, one of characteristic features of the
instant embodiment resides in that there 1s no need of using
a matching circuit, and the construction of the mmformation
wireless unit 1s simplified. Another characteristic feature of
the mvention resides in that the half-wavelength monopole
part and the planar inverted-F antenna part are built 1n the
information wireless unit while being disposed parallel to
the long side of the imformation wireless unit. With this
feature, a high antenna gain 1s secured 1n the in-chest-pocket
state, the hand-holding operation state and 1n the state that
the 1nformation wireless unit i1s placed on the metal table.
(Fourth Embodiment)

FIGS. 10A, 10B, 10C, and 10D are diagrams showing a
construction of an antenna which 1s a fourth embodiment of
the present mvention. FIGS. 10A to 10C are diagrams as
viewed from different directions, as in the FIGS. 1A to 1D
case, and FIG. 10D 1s a development view showing only the
antenna part. In FIGS. 10A to 10D, like or equivalent
portions are designated by like reference numerals in FIGS.
1A to 1D and 8A to 8D. A device used 1n the embodiment
1s an 1nformation wireless terminal.

In FIGS. 10A to 10D, the inverted-F antenna part 2 and
the monopole part 14 are conductive plates which are
formed 1n an integral construction as shown 1n the devel-
opment view of FIG. 10D, and the width of each of them 1s
about 2 mm. The direction in which the inverted-F antenna
part 2 1s disposed 1s parallel to the upper end of the
information wireless unit 16 (Y-axis direction).

With such a construction, the monopole part 14 and the
inverted-F antenna part 2 are operable as an integrally
constructed composite antenna excited at the single feeding
point 4.

Operation of the composite antenna will be described.

First consideration will be given to operation of the
inverted-F antenna part 2 shown in FIGS. 10A to 10D. The
inverted-F antenna part 2 1s disposed 1n the vertical direction
(Z direction) in the coordinate system of FIGS. 10A to 10D,
and for its radiation, the vertically polarized wave compo-
nent serves as a main polarized wave. As for the radiation
characteristic of the antenna in the fourth embodiment
shown 1 FIGS. 5A to 5D, an average level of the vertically
polarized wave component 1s somewhat lowered, but an
average level of the horizontally polarized wave component
1s 1ncreased by about 3 dB, when comparing to the direc-
fivity of the radiation characteristics of the antenna shown 1n
FIGS. 8A to 8D.

There 1s a chance that when the antenna shown 1n FIGS.
10A to 10D 1s put 1n a user’s chest pocket, as shown in FIG.
9, a state possibly occurs that the long side of the informa-
tion wireless unit 16 1s put at the bottom of the pocket. In this
case, the inverted-F antenna part 2 1s disposed in the
horizontal direction (Y direction) in the coordinate system of
FIG. 10. Therefore, the vertically polarized wave component
1s 1ncreased by the radiation of the inverted-F antenna part
2. As a result, the PAG of the antenna 1s 1mproved by about
3 dB when comparing to that of the built-in antenna shown
in FIG. 8. In a case where the mverted-F antenna part 2 1s
directed to a human body, the PAG 1s improved by about 1
dB.

In the case where the information wireless terminal 1s put
in a chest pocket as shown 1n FIG. 9, when the short side of
the mnformation wireless unit 16 1s put at the bottom of the
pocket, the effects comparable with those of the built-in
antenna of the third embodiment of the 1nvention, are
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obtained, and hence the vertically polarized wave compo-
nent 1s 1ncreased. However, the vertically polarized wave
component 1n the free space 1s somewhat reduced. The PAG
1n this case 1s lower than that of the FIGS. 8A to 8D built-in
antenna by 0.5 dB, 1.e., about -6.5 dBd.

In the hand-holding operation state shown 1n FIG. 7, the
cilects comparable with those of the built-in antenna of the
third embodiment, are obtained, and the PAG i1s increased.
As a result, the PAG 1s about -7 dBd.

When the information wireless unit 1s placed on the metal
table shown 1n FIG. 4, the PAG 1s high, comparable with that
of the built-in antenna of the first embodiment since the
cifects of the 1nstant embodiment are comparable with those
of the first embodiment.

As described above, one of characteristic features of the
built-in antenna of the mstant embodiment resides 1n that the
half-wavelength monopole part and the inverted-F antenna
part are constructed in an integral form by using the single
conductive element. With this feature, there 1s no need of
using the impedance matching, and the construction of the
information wireless unit 1s simplified.

Another characteristic feature of the mvention resides in
that the half-wavelength monopole part 1s built in the
information wireless unit while being disposed parallel to
the long side of the information wireless unit, and the
inverted-F antenna part 1s built 1n while bemng disposed
parallel to the upper end of the mformation wireless unit.
With this feature, a high antenna gain 1s secured 1n a state
that the information wireless unit 1s put 1n a chest pocket 1n
a desired direction and the hand-holding operation state, and
in a state that the information wireless unit 1s placed on the
metal table.

(Fifth Embodiment)

FIGS. 11Ato 11D 1s a diagram showing an antenna which
1s a fifth embodiment of the present invention. In FIGS. 11A
to 11D, FIG. 11A shows a state that a composite antenna to
be described later 1s fixed to the inside of a housing 24. FIG.
11B shows a state that a circuit board 23 and a ground 22 are
removed from the housing 24. FIG. 11C shows a state that
a monopole part 17 of the antenna 1s mounted on the housing,
24. F1IG. 11D 1s a development view showing an antenna
clement.

In FIG. 11D, the developed antenna 1s formed with a
conductive member of, for example, 2 mm 1n width. At least
onc side of the conductive plate 1s bent upward at parts
indicated as trough folding parts 17a, 17b and 17¢. The same
thing 1s correspondingly applied to trough folding parts 184,
1856 and 18c¢, and it 1s bent downward at a crest folding part
21a. The antenna structure thus bent forms the monopole
part 17 and the mverted-F antenna part 18, and fixed to the
housing 24. To fix the antenna, pawls 25 made of resin are
used. As shown 1n FIG. 11C, the lower sides of the pawls 25
are fixed to the housing 24, and the antenna parts are fixed
thereto with the cutout parts of the pawls 25.

An earthing terminal 21 1s provided at a position on the
opposite side of the monopole of the inverted-F antenna part
18. The earthing terminal 21 comes in contact with a ground
plate 22 provided at a part on the circuit board 23. A feeding
terminal 19, which comes 1n contact with a feeding point 20
on the circuit board 23, 1s provided at a position spaced apart
from the earthing terminal 21 by a distance “s” (for example,
5 mm).

The monopole part 17 and the inverted-F antenna part 18
are mtegrally constructed 1nto a composite antenna, and the
composite antenna 1s fixed to the inside of the housing 24.
Therefore, the effects of the composite antenna are compa-
rable with those of FIG. 5 case. Communication 1s possible
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in a manner that after the composite antenna 1s fixed to the
inside of the housing, the circuit board 23 1s mserted 1nto the
housing 24. Accordingly, the assembling work 1s easy, and
the production process 1s simplified.

(Other Embodiments)

In the embodiment, the length of the monopole part 1s the
half-wavelength, but it may be any length 1if 1t allows the
monopole part to be impedance matched to the inverted-F
antenna part.

While 1n the embodiments mentioned above, the
inverted-F antenna part 1s the ¥ wavelength, it may be any
length if 1t allows the inverted-F antenna part to be 1imped-
ance matched to the monopole part.

Even if the inverted-F antenna part 1s a planar inverted-F
antenna or a half-wavelength MSA, the monopole part 1 1s
connected to a point of 1t where 1mpedance 1s high, and those
are coupled 1nto an integral construction.

In the fifth embodiment, the resin pawls are used for
fixing the built-in antenna to the housing. If required, a
double-faced tape 1s stuck to the built-in antenna, and then
the antenna 1s fixed to the housing 24. Adhesive or resin,
which 1s molten at high temperature, may be used for fixing,
the built-in antenna to the housing.

While the present mvention has been described using
specific embodiments, 1t will readily be understood that the
invention may variously be modified, altered and changed
within the true spirits and scope of the mvention.

This application 1s based on Japanese Patent Application
No. 2001-008008, filed Jan. 16, 2001, the content of which
1s incorporated herein by reference.

INDUSTRIAL APPLICABILITY

A built-in antenna for a portable wireless unit, which 1s
constructed according to the present invention, 1s thus con-
structed. Therefore, the built-in antenna retains a high radia-
fion characteristic in various states, for example, when the
portable wireless unit 1s made close to the ear of the user in
a speech communication state, when the use grips the
portable wireless unit and in this state he operates for
speech, and when the portable wireless unit 1s put on the
metal table.

What 1s claimed 1is:

1. A built-in antenna for a portable wireless unit compris-
Ing:

a conductive antenna element disposed along the 1nside of

a housing at an upper end of a portable wireless unit,

the conductive antenna including:

a monopole part defined as a part of a length of a
substantially half-wavelength of the conductive
antenna;
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an mverted-F antenna part defined as the remaining part
of a length of a substantially 4 wavelength of the
conductive antenna; and

an antenna feeding point provided at a position near an
carthing part of the imnverted-F antenna part;

wherein the mverted-F antenna part 1s disposed parallel
to a ground plate surface within the housing of the
portable wireless unit and parallel to the upper end of
the portable wireless unit and one end of the
inverted-F antenna part 1s connected to the ground
plate as the earthing part.

2. A built-in antenna for a portable wireless unit according
to claim 1,

wherein the inverted-F antenna part 1s disposed along the
long side of the portable wireless unit.
3. A built-in antenna for a portable wireless comprising:

a conductive antenna element disposed along the long
side of the inside of a housing, the conductive antenna
clement including;:

a monopole part defined as a part of a length of a
substantially half-wavelength of the conductive
antenna element;

an mnverted-F antenna part defined as the remaining part
of a length of a substantially Y4 wavelength of the
conductive antenna element; and

an antenna feeding point provided at a position near an
carthing part;

wherein one end of the inverted-F antenna part 1is
connected, to the ground plate as an earthing part,
and the mverted-F antenna part 1s disposed parallel
to the ground plate of the housing of the portable
wireless unit and along the long side of the mside of
the housing.

4. Abuilt-1n antenna for a portable wireless unit according

to claim 3,

wherein the inverted-F antenna part 1s disposed parallel to
the ground plate of the housing of the portable wireless
unit, and parallel to the upper end of the mside of the
housing.
5. Abuilt-1n antenna for a portable wireless unit according,
to any of claims 1 to 4, further comprising;:

fixing means for fixing the antenna element to the rear
side of the housing; and

contacting means for making the earthing part and the
feeding point of the antenna element contact with a
printing pattern on a circuit board.
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